A simple and efficient synthesis of 8-([1,3]benzothiazol-2-yl)-7-methoxyflavones 5a-h and 8-(1H-benzimidazol-2-yl)-7-methoxyflavones 7a-d by the reaction of 8-formyl-7-methoxyflavones 3a-h with 2-aminothiophenol 4 or 1,2-phenylenediamine 6 under mild acidic conditions.
Introduction
The heterocycles 2-arylbenzothiazoles and benzimidazoles have attracted considerable attention in diverse areas of chemistry. Some of their derivatives are found in a variety of naturally occurring compounds and are of significant importance in medicinal chemistry. [1] [2] [3] [4] [5] Benzothiazole derivatives are widely studied in bioorganic and medicinal chemistry with applications in drug discovery and development for treatment of autoimmune and inflammatory diseases, in the prevention of solid organ transplant rejection, epilepsy, amyotrophic lateral sclerosis, analgesia, tuberculosis, viral infections and cancer. Furthermore, 2-arylbenzothiazoles are currently confirmed as a novel class of potent and selective antitumor agents. 6-8 2-Substituted benzimidazoles and their derivatives have been shown to exhibit fungicide, antitumour, immunosuppressant and anti-convulsant properties, and have recently been identified as ligands for asymmetric catalysis. [9] [10] [11] [12] [13] [14] [15] [16] [17] Naturally occurring flavones have a broad range of bioactivity. 18, 19 Synthetic flavones flavone-8-acetic acid 20 and flavopiridol 21 are anti-cancer drugs. Similarly 8-substituted flavones demiflin and flavoxate are coronary vasodilator 22 and diuretic 23 drugs respectively. Synthetic routes that are common to the preparation of 2-arylbenzothiazoles and benzimidazoles typically involve the reaction of a carboxylic acid or its derivative with an appropriate 2-aminothiophenol 4 or 1,2-phenylenediamine 6. 24, 25 In this paper we report the synthesis of new 8-([1,3]benzothiazol-2-yl)-7-methoxyflavones 5a-h and 8-(1H-benzimidazol-2-yl)-7-methoxyflavones 7a-d starting from 8-formyl-7-methoxyflavones 3a-h.
Results and discussion
7-Hydroxyflavones 1a-h were prepared by using the modified Baker-Venkataraman transformation. 26 ,27 1a-h on Duff reaction 28, 29 with hexamethylenetetramine (HMT) in AcOH gave 8-formyl-7-hydroxyflavones 2a-h. 7-Hydroxyflavones 1a-h and 8-formyl-7-hydroxyflavones 2a-h are reported earlier in literature. [30] [31] [32] [33] [34] 8-Formyl-7-hydroxyflavones 2a-h and dimethylsulphate in acetone/K 2 CO 3 medium on heating afforded 8-formyl-7-methoxyflavones 3a-h. Equimolar quantities of 8-formyl-7-methoxyflavones 3a-h and 2-aminothiophenol 4 taken in ethanol containing a few drops of AcOH on refluxing gave 8-([1,3]benzothiazol-2-yl)-7-methoxyflavones 5a-h (Scheme-1). 
8-([1,3]
Benzothiazol-2-yl)-7-methoxy-3-methylflavone 5a is characterized from its spectral data. In its IR spectrum, the C=N absorption appeared at 1594 cm -1 and the flavone C=O at 1628 cm -1 and its UV spectrum showed bands at 308 nm (log ε 4.4), 220 nm (log ε 4.7) and 204 nm (log ε 4.5). In the 1 H NMR spectrum of 8-(1,3-benzothiazol-2-yl)-7-methoxy-3-methylflavone 5a the signals due to the thiazol-2-yl ring system protons appeared as follows: H-4" appeared as a double doublet at δ 8.12 (J = 8.1 Hz, 1.5 Hz) while H-7" appeared at δ 7.91 as a double doublet (J = 7.5 Hz, 1.5 Hz), H-5" appeared as a triple doublet (ddd) at δ 7.50 (J = 8.3 Hz, 6.8 Hz, 1.5 Hz) and H-6" appeared as a multiplet overlapping with H-3',4',5' protons at δ 7.39. 7-OCH 3 appeared δ 4.00 as a singlet and the 3-CH 3 appeared as a singlet at δ 2.21. The other aromatic protons in flavone ring system showed the signals at expected positions, H-5 and H-6 appeared as a doublets (J = 9.0 Hz) at δ 8.35 and δ 7.13. The phenyl H-3',4',5' appeared at δ 7.39 as a multiplet overlapping with H-6" and H-2',6' appeared as a multiplet at δ 7.69. 13 C NMR spectrum of 5a showed the signals due to the benzothiazole moiety: δ 161.5 (C-2"), 158.6 (C-3"a), 123.3 (C-4"), 125.9 (C-5"), 125.2 (C-6"), 121.3 (C-7") and 136.1 (C-7"a). The signals due to the flavone ring system are as follows: δ 154.8 (C-2), 116.9 (C-3), 178.1 (C=O at C-4), 117.0 (C-4a), 129.5 (C-5), 109.1 (C-6), 160.7 (C-7), 111.0 (C-8), 153.0 (C-8a), 133.0 (C-1'), 128.1 (C-2',6'), 129.3 (C-3',5'), 130.1 (C-4'), 56. In the IR spectrum of 8-(1H-benzimidazol-2-yl)-7-methoxy-3-methylflavone 7a, the absorption due to the N-H was observed at 3475 cm -1 , the C=N at 1596 cm -1 and the flavone C=O at 1628 cm -1 . Its UV showed absorption maxima at 320 nm (log ε 4.2), 278 nm (log ε 4.6) and 224 nm (log ε 4.8). In the 1 H NMR spectrum of 7a, the signals due to the benzimidazol-2-yl ring system protons H-4",7" appeared at δ 7.31-7.39 as a multiplet and the H-5",6" as a multiplet overlapping with H-3',4',5' at δ 7.10-7.28. 7-OCH 3 appeared at δ 3.79 as a singlet and the 3-CH 3 as a singlet at δ 2.01. The flavone ring protons H-5 appeared at δ 7.89 as a doublet (J = 9.0 Hz) and H-6 as a doublet at δ 6.74 (J = 9.0 Hz). Phenyl H-3',4',5' appeared at δ 7.10-7.28 as a multiplet overlapping with H-5",6" and H-2',6' appeared as a multiplet at δ 7.52-7.60. In its 13 C NMR spectrum, the carbon signals due to the benzimidazole moiety are as follows: δ 161.7 (C-2"), 137.6 (C-3"a, C-7"a), 114.0 (C-4", C-7") and 123. 
Experimental Section
General. All melting points were determined on a Polmon digital melting point apparatus (Model No. MP-96) and are uncorrected. IR spectra were recorded on a Schimadzu 435 instrument using KBr and UV spectra were recorded on a Schimadzu UV-VIS 1601 spectrophotometer. The 1 H NMR (300 MHz) and 13 C NMR (75.5 MHz) spectra were recorded on a Varian Gemini Unity Spectrometer in CDCl 3 using TMS as internal standard (chemical shifts in δ ppm). Mass spectra were recorded on a VG AUTOSPEC mass spectrometer. Elemental analyses were performed on a PE-2400 elemental analyzer.
General procedure for the synthesis of 8-formyl-7-methoxyflavones 3a-h A mixture of 8-formyl-7-hydroxyflavones 2a-h (10 mmol) and dimethylsulphate (1.42 mL, 15 mmol) dissolved in dry acetone (100 mL) containing anhydrous potassium carbonate (3 g, 21.5 mmol) was refluxed on water bath for 4 h. Acetone was evaporated and residue treated with crushed ice. The crude solid which separated out, was subjected to column chromatography over silica gel (60-120 mesh) elution with petroleum ether : ethyl acetate (8 : 2) and recrystallized from benzene to afford 8-formyl-7-methoxyflavones 3a-h in 75-80% yield. 
General procedure for the synthesis of 8-([1,3]benzothiazol-2-yl)-7-methoxyflavones 5a-h
To a solution of 8-formyl-7-methoxyflavones 3a-h (10 mmol) in 20 mL of absolute ethanol, 4-5 drops of glacial acetic acid and 2-aminothiophenol 4 (1.25 g, 10 mmol) were added. The mixture was refluxed for 8 h. Ethanol was removed by distillation under reduced pressure, the residue was treated with crushed ice (100 g) and extracted three times with ethyl acetate (50 mL) and dried over anhydrous sodium sulphate. The solvent was removed under reduced pressure affording a solid. This on column chromatography with silica gel (60-120 mesh) and elution with petroleum ether: ethyl acetate (7 : 3) and recrystallization from methanol gave 8-([1,3]benzothiazol-2-yl)-7-methoxyflavones 5a-h in 65-70% yield. 
